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.. 
Six pumps were fabricated f o r  t h e  Mercury Corrosion Loop Testing hrogram. 
The wetted pa r t s  of t h e  various p u p s  were made of different materials: Type 
316 stainless steel i n  t he  prototype, Haynes Alloy 25 i n  t h e  next four pumps, 
and 94 chromium - 1$ molybdenum (gCr-1Mo) a l loy  steel i n  t h e  sixth.  
The stainless steel pump w a s  t e s t ed  i n  a non-boiling mercury pump-testing 
loop t o  es tab l i sh  the  f e a s i b i l i t y  of t h e  design and t o  determine whether any 
changes were required before use of t h e  pumps i n  t h e  boi l ing mercury loops. 
The Haynes 25 pumps wzre tested i n  the  pump test loop and also Fr'fre operated i n  
the mercury corrosion loops. 
program. However, through t e s t i n g  and loop operation, a type of pump w a s  evolved 
vhich w a s  capable of supplying 1200 lb/hr of mercury at an output pressure of 
450 psig. 
c* Time did not permit a complete hydraGlic test 
The pr incipal  deficlency found i n  the  pumps w a s  t he  short  lifetime of the  
mechanical seal  separating the  i n e r t  gas space above the  mercury f r m t h e  atmos- 
phere. 
An investigation of t he  mechanical design as pertaining t o  the  seal is  recommended 
The service l i fe  of these seals proved t o  be about 200 operating hours. 
i n  the future development and use of t h i s  pump. 
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I. INTRODUCTION 
The Mercury Corrosion Loop Testing Program was i n i t i a t e d  i n  October 
1961 i n  support of the basic  materials research program for  the SNAP-8 
nuclear electric space power system. Very l i t t l e  information was then ava i l -  
able on the corrosion of materials by mercury under the conditions of temper- 
ature,  pressure, and f lu id  veloci ty  p r o f i l e  expected i n  the SKU-8 system. 
The objective of the Mercury Corrosion Loop Testing Program w a s  t o  obtain 
corrosion information from a system closely simulating the complex dynamics 
of the complete SNAP-8 cycle. 
Each of the mercury corrosion loops contained the  following major com- 
ponents welded in to  a sealed asseubly: 1) mercury boiler, 2) turbine simu- 
la tor ,  3) condenser-radiator, and 4) mercury pump. The mercury pump was of 
prime inportance because i t  was the only ro t a t ing  pa r t  t h a t  might compromise 
loop r e l i a b i l i t y .  No known commercial pump woulii s a t i s f y  the loop require- 
ments of a flow rate of 1200 lb/hr  a t  500°F, with an output pressure of 350 
psig (later raised to  450 psig), while preserving zero leakage of mercury to  
the atmosphere. 
these requirements. 
loops a t  Von Kannan Center was revised to  meet the special  demands of tha 
mercury corrosion loops. 
AGN therefore undertook the design of a pump t h a t  would meet 
The design of an AGC pump (Figure 1) used i n  the SNAP-8 
This report  covers the period from October 1961 to July 1963 and 
summarizes the tests performed and the design revisions made during the 
development of the AGN mercury pump. 
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11. DESIGN 
The mercury pump design (Figure 2), for the mercury corrosion loop 
program was a vertical-mount, single-stage, single-suction, open runner pump. 
The unit was overhung so that the shaft was running in a mechanical seal 
which was pressurized by an inert gas. 
a conventional induction motor and ball bearings for the drive train. 
Straight vanes were used on both the front and back of the impeller. 
pumping action of the back vanes lowered the requirements of t h e  mechanical 
seal by reducing the pressure on the back side of the impeller. 
and other components are shown in Figures 3 through 9. 
This arrangement permitted the use of 
The 
The impeller 
AGN modified the AGC pump for the corrosion loop application as follows: 
1) The pump shaft was lengthened and a chamber was added above the 
impeller for mercury containment and as an inert gas space. 
2) Electrical probes were inserted in the gas space to control the 
mercury level through external solenoid valves on the inert gas system. 
3) 
4) 
A mechanical seal was placed above the gas space. 
Dual bearings were provided to contain the lengthened shaft. 
5 )  The housing and support system of the pump was redesigned to 
accommodate the changes described above. 
4 
Operation of the pump i n  the test loop and i n  Corrosion Loops 1 and 
2 resulted i n  fur ther  modifications, as follows: 
1) A separate but connecting tank fo r  electrical prcbe insertion 
was added to  the pump chamber. 
2) The impe l l e r  design was modified t o  provide four f ront  vanes 
and eight back vanes. . 
3) Four changes i n  the design of the mechanical seal were made 
during the program by Cartriseal Corporation. 
4) The AGN mercury pump w a s  o r ig ina l ly  designed to be driven by a 
3-hp vertical-mount motor. 
increased the motor requirements to 5 hp. 
The change t o  e ight  back vanes on the impeller 
5) The bearing spacer was moved from the inner races of the bear- 
ings to  the outer races. 
The f i r s t ,  prototype pump, with wetted par t s  made of Type 316 s ta in-  
The four pumps using Haynes 25 less steel, was fabricated en t i r e ly  by AGN. 
and the one using 9Cr-lMo were fabricated by Allied Engineering and Production 
Company, Alameda, CaliEornia. 
9Cr-1Mo pump w a s  increased Eron 0.080 in.  t o  0.170 in. 
The height of the impeller back vanes i n  the 
The pump design shown i n  Figure 2 w a s  used for  the Haynes 25 pumps 
and incorporates a l l  design changes except the separate tank fo r  the level  
probes and the change to  a 5-hp motor. The latter was  accomplished by add- 
ing a mounting adapter p la te  t o  the upper housing of the pump and by d r i l l -  
ing out the coupling connecting the pump and motor shaf t s  to  accept the 
larger  motor shaf t .  
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111. TESTING AND OPERATION 
i 
Five of the mercury pumps were tes ted i n  a special  pump tes t ing  loop 
before being used i n  the mercury corrosion loops. 
the pump test loop for  control l ing flaw i n  the main l i ne  and bypass l ines  
and for  superimposing a pressure drop i n  the main flow l i n e  to  simulate the 
pressure drop through the corrosion loop boi ler .  
pump test loop is shown i n  Figure 10. 
ing pumps: 
Provisions were made i n  
A schematic diagram of the 
Tests were performed with the follow- 
Pump Designation 
3 16SS 
H-25-1 
H-25-2 
H-25 -3 
H-25-4 
Description 
Prototype; wetted par t s  made of Type 316 
s t a in l e s s  steel; fabricated by AGN 
Wetted pa r t s  of Haynes Alloy 25; fabricated 
by Allied Engineering and Production Company 
The pump with wetted par t s  of 9Cr-1Mo a l loy  steel was fabricated fo r  
t h i s  program, but before i t  was delivered a redirect ion of the program elimi- 
nated the need fo r  i ts  tes t ing  or operation. 
Testing of the prototype pump (Type 316 s t a in l e s s  steel) i n  the pump 
test  loop led to  several  modifications which were incorporated in to  the 
design of the operational pumps (Haynes 25) before the i r  fabrication. 
four Haynes 25 pumps were a l so  run i n  the pump test loop before being operated 
The 
6 
i in  the mercury corrosion loops. 
A summary of the operation of the pumps, both i n  the pump test loop 
and i n  Mercury Corrosion Loops 1 and 2, is presented in  Table 1. 
i 
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TABLE 1 
AGN P W  TESTING AND ‘WERATION S W T I O N  
OUTLET INLET OUTLET I NLL r 
I NSTALLCO P U S  HOURS TEWERATURE TEWERATURE PRESSURE PRESSURE 
PO. OPERATED F F P S I 0  P S l G  DA?E R E M A R K S  
P W  TEST LOOP 
Ss-1 62 380 200 400 5 BEARINGS r A I L E 0 .  
SEVERAL SHORT RUHS. 
H-25-4 30 b, 
H-25-1 12.5 400 
H-25-2 6.5 400 
OD 
H-25-2 12.6 410 
H-25-3 27 400 
H-25-2 44.5 370 
H-25-2 2 260 
H-25-4 10 MIN. - 
H-25-2 180 350 
H-25-4 1534 420 
H-25-3 117.5 350 
H-25-1 8 350 
H-25-3 5 340 
H-25-1 40 350 
200 
200 
220 
200 
13) 
- 
200 
230 
120 
180 
150 
180 
PROBE MALFUNCTION. CHANGED PROBE INSERTION FROM EHTRY INTO HERCURY 
TO ABOVE MERCURY A N 0  ANGLE0 TO MERCURY. 
450 35 4-23-62 REMOVE0 FOR INSTALLATION I N  LOOP 1. 
350 17 6-26-62 I W E L L C R  MOOI’IEO, ORIGINAL NUMBER OF VALVES. SHORT TIPS. 
420 15 7-9-52 REMOVE0 IMPELLER MOOICICATIONS. 
420 15 8-7-62 EIGHT BACK VANE TEST. 
430 15 8-23-62 
490-39 17 9-1 2-62 TEST IMPELLER MODIFICATIONS - AFTER TEST PLACEO I N  LOOP 1. 
480 1 4  
I N I T I A L  - - 
10-24-62 
10-26-62 
TEST OF PUW FROM LOOP 1, OPERATION IN PUMP TEST LOOP UNSATISFACTORY. 
MOOIFIED WITH 5 HP MOTOR. JET-PUMP AND OEVVELOPMENTAL SEAL OF 
CARTRISEAL DESIGN. PWP OPERATED FOR 10 HIS. CARTRISEAL FROZE. 
400 16 10-29-62 PUMP REMOVED AND INSTALLED IN LOOP 1. 
490 10 11-15-62 MOOIFIEO WITH 5 HP MOTOR AND 8 BACK VANE IwcLLfR.  
460 20 1-25-63 
NEW CARTRISEAL DESIGN - RUN UNSATISFACTWY. 450 10-1 5 3-19-63 
460 20 5-7-63 r u ~  O P C R A T C ~  AFTER 177.5 HOUR ACCUMULATED. 
3 9  5 6-3-63 
h 
OUTLET INLET OUTLET I NLET 
Purp HOURS TECPERATURE f f  1 9  ERATURE PRESSURE PRESSURE 1 NSTALLED 
F PO. O P E  RAT EO F P S I G  P f l G  DATE R E M A R K S  
MZRCLRY CORROSION LOOP 61 
H-25-4 380.5 
H-25-1 417 
H-25-2 60 
H-25-2 I@ 
w 
H -25-4 44 
H-25-2 206 
43s 
390 
400 
450 
670 
420 
145 
100 
100 
350 
390 
4ocw 
350 450 
M R C U i Y  CORROSION LOOP 62 
500 500 
325 500 
4-23-62 
6-29-62 
9-20-62 
1 1-1 4-63 
2-19-63 
5-2-63 
REDUCE0 IMPELLER OIAMRTEP 
WlTU PUIQ. 
WITH NEW BEARINGS AND SEALS BEFORE FAILURE OF SEALS. 
-0ULD NOT OBTAIN b P S l G  3UTLET PRESSURE 
PUW OPERATED OVER 151 UOURS AN0 183.5 HOURS RUNS, EACH STARTINa 
EIGUTBACK VANES AN0 FULL I W E L L C R  DIAMETER. COWLETE PU19 TEST MADE 
TO DETERMINE OPTIMUM V M E  CLEARANCES AFTER PUW REMOVE0 FROM LOOP. 
PUMP C U A R A C T L Q I S T I C S  I N  L O W  #I  WERE MARGINAL. 
PUHP TRANSFERQED FROM LOOP #I. BEARINGS AND SEAL REPLACED AfTER 
EIGHT HOURS OPFRATION IN LOW 62. 
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IV. W O R  PROBLEM AREAS 
A. LIQUID LEVEL PROBES 
Originally, the t w o  l iquid level probes on the Type 316 s ta in-  
less s t ee l  pump were inserted horizontally through the housing chainber w a l l  
a t  the desired points of mercury level  indication, as shown i n  Figure 11. 
This proved msat i s fac tory  due to  bridging of the insulation by crud deposits, 
causing shorting of the probe c i rcu i t .  
problem by moving the probes to the upper, gas-f i l led portion of the ckmber 
and inserting them diagonally, with a long and a short  probe extending s t r a igh t  
downward, shown i n  Figure 12. 
swirling around the shaf t  came in to  intermit tent  contact with the probes. 
The chamber w a s  designed t o  minimize swirling, but it was evident that i t  
did occur. 
on the s ide of the main chamber with the probes inserted ver t ica l ly ,  f i na l ly  
eliminated both problems. 
An attempt w a s  made t o  correct  t h i s  
With t h i s  arrangement, however, the mercury 
The ins ta l la t ion  of a separate, connecting probe tank, mounted 
The f i n a l  i n s t a l l a t ion  is shown in Figure 13. 
B. ROTATING MECHANIC. S W  
The principal l imitat ion on operational use of the AGN mercury 
This problem persisted pump was the short  Lifetime of the uiechanical seal. 
throughout the pump tes t ing and corrosion loop program. A t  the outset  of 
the program, a number of manufacturers of mechanical seals were canvassed 
to  determine the f eas ib i l i t y  of operating a rotat ing mechanical seal without 
lubrication and a t  a f a i r l y  high rotat ion speed (3600 rpm). 
Corporation of Lincoln Wood, I l l i n o i s  gave the only sat isfactory response. 
The Cartriseal 
10 
Their suggestion of a special Cartriseal desigu allowed a maximum of 0.035 in. 
graphite wear before the seal lost its effectiveness. 
of the Cartriseal proprietary design. 
basic design three times during the tours': of the pump testing and operation. 
Fiplre 15 is a sketch of the second seal design. 
a change from silver-impregnated graphite to iron-impregnated graphite, with 
no dimeusional changes in the seal. 
length to allow for 0.090 in. wear. 
obtsined by chaaging from the wave spring to a coile'd spring-loaded seal. 
Figure 14 is a sketch 
Cartriseal improved and changed their 
The third seal design was 
A fourth design increased the graphite 
The additional compression length was 
No appreciable difference in seal life was noted between the 
first three seal designs. No quantitative measurements of seal wear were 
obtained, but the practical life of a seal in an operating PUOD was found 
to 5e about 200 hours. 
as the two seals of this design were received after testing of the AGN pump 
was discontinued. 
The fourth and last Cartriseal design was not tested, 
Just prior to discontinuance of the AGN pump testing, an effort 
was initiated to fiad a seal with a longer operational life. The Magnetic 
Seal Company offered a seal with an estimated life of 200 hours uuder loop 
operating conditioas. 
was received after the pump testing had ceased. 
A seal was purchased from Garlock Seal Company but it 
The impeller case seal was a minor problem. The case was 
designed for a seal weld but, since the short service life of the mechanical 
seal discussed above made it necessary to disassemble the pump after every 
200hoursor less of operation, a removable seal was also required for the 
impeller case. The first seal tried was a soft iron gasket, which proved 
unsatisfactory. 
ness (Figure 16). 
pump Operating time. 
had a temperature limit of 400 F, which placed a similar limitation on loop 
operating temperature. 
Corrosion Loop 2, a stainless steel O-ring modification (Figure 17) was 
made in the impeller case of one pump. 
The second seal used was a Teflon gasket of 0.003 in. thick- 
This gasket worked well and was used during most of the 
The major objection to the Teflon gasket was that it 
0 
0 To permit operation at 500 F as required for 
This type of seal proved satisfactory. 
11 
1 
C. F W D I N G  OF THE HOUSIrJG 
Since the AGN pump is a sump-type pump with a mechanical seal 
to  separate the motor from the impeller, there must be an interface between 
the mercury and the atmasphere. 
with mercury face seals ,  it was decided to  use a gas-ballasted seal cavity 
between the impel ler  housing and the mechanical face seal. Argon was used 
as the cover gas and the gas l o s t  by leakage through the seal w a s  replaced 
by feeding make-up gas through a solenoid valve activated by the lGw-level 
probe i n  the seal cavity. The high-level probe a l so  permitted the venting 
of gas from the cavity. 
Because l i t t le  experience has been obtained 
Operation of the pump proved t h i s  t o  be a reasonable control 
scheme, except that the pump was prone t o  sporadic flooding or complcte 
drainage of the seal cavity. 
hydraulic performance of the impeller, which is inherent i n  a machine with 
low specif ic  speed. 
These d i f f i c u l t i e s  were caused by uncertain 
To eliminate flow in to  o r  out of the seal cavity the following 
pressure balance must be sat isf ied:  
p2 (see Figure 18 for  definit ion) 
Because the discharge pressure could not be al tered,  as a cer- 
t a i n  ninimuin was required t o  operate the corrosion loop, it w a s  necessary 
to  vary the back vane performance. 
meters t ha t  affected the hydraulic performance. 
descending order of importance. 
The tes t ing program revealed f ive  para- 
These are listed below i n  
Clearance between front  and back vanes and impeller case. 
Number of vanes. 
Length of back vanes. 
Length of front vanes. 
Portion of flow bypassed from pump ou t l e t  and 
returned t o  p u p  in le t .  
12  
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Variations of these parameters were t r i ed  in the pumps during 
operation both i n  the pump test  loop and in  the corrosion loops. Clearance 
se t t ings  between tka front and back vanes and the impeller case (end clear- 
ances) were obtained by trial and error i n  the pump test loop. 
that the pumps could be made t o  run i n  a s t ab le  mode over a desired flow 
range while delivering output pressures compatible with :he requirements 
of the mercury corrosion loops. 
It vas found 
D. OUTPLLF PRESSURE 
The pumps i n i t i a l l y  used an impeller with four back vanes, which 
gave an output pressure of 450 psig. 
design operating pressure (350 psig) of the corrosion loops and allowed for  
a bypass return flow from the pump ou t l e t  t o  the pump i n l e t  which was suf f ic ien t  
to control the mercury level  i n  the housing. However, e f fo r t s  t o  overcome 
boiling in s t ab i l i t i e s  within the corrosion loop by increasing the pressure 
drop ahead of the boiler necessitated the use of the f u l l  4u) peig pressure 
i n  the loop. This precluded the use of the pump bypass and necessitated an 
increase t o  eight back vanes to s t ab i l i ze  the mercury level in the seal cavity. 
The additional pumping action of the impeller with eight back vanes made the 
capacity of the 3-hp dr ive motor marginal, and a 5-hp motor w a s  substituted. 
This w a s  more than adequate fo r  the 
After tes t ing  and operating the pumps fo r  15 months, it was 
possible t o  optimize the clearances to obtain 550 psig output pressure. 
The added pressure w a s  used t o  obtain additional pressure drop i n  the corrosion 
loop i n  further attempts t o  minimize boiling in s t ab i l i t i e s .  
The addition of four back vanes to each i m p e l l e r  required 
mechanical work and welding. 
impellers were therefore of s l i gh t ly  varying dimensions. Thus, for  each 
pump and a t  each assembly, a set of end clearances had to be obtained for 
the impeller i n  order to achieve s tab le  operating conditions. 
After truing and f i n a l  balancing, the various 
13 
i 
V. CONCLUSIONS AND TZECOMMENDATIONS 
Satisfactory operation of the AGN mercury pumps i n  the mercury corrosion 
test loops was obtained fo r  periods averaging 200 hr. 
s t ra ted  i n  the corrosion loops could be used for  other  short-term, "workhorse" 
operations. 
applications requiring more than 200 h r  of continuous operation. 
of t h i s  pump be desirahle  i n  future  operations, the following mechanical design 
features might prof i tably be investigated fo r  possible improvement of the 
ex is t ing  pump design: 
The pump design demon- 
With the present mechanical seal, i t  cannot be recommended fo r  
Should use 
External means of adjusting end clearances 
External means of adjusting mechanical seal 
Use of a mechanical seal with a f l a t  spring coeff ic ient  
Use of a cooled dry seal 
Use of a cooled w e t  seal 
Housing redesign t o  minimize mercury leve l  f luctuat ions 
Housing redesign to minimize cavity gas pressure f luctuat ions 
Bearing redesign to  separate r ad ia l  and thrus t  loads 
Use of a hydraulically balanced impeller, with holes around 
hub 
Use of a mechanical labyrinth seal i n  the impeller casing a t  
the shaf t  i n l e t  t o  minimize leakage 
Varying the length of back vanes 
VLrying the length of f ront  vanes 
Bypassing a portion of the flow from the pump o u t l e t  and 
return to  the pump i n l e t  
14 
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AGN PUMP IMPELLER 
P1 = PRESSURE AT INBOARD END OF BACK VANE 
= PRESSURE AT INBOARD END OF FRONT VANE 
= PRESSURE AT OUTBOARD END OF BACK VANE 
= PRESSURE AT OUTBOARD END OF FRONT VANE 
p2 
p3 
P4 
A H1 = HEAD RISE FROM P1 TO P3 
A H2 = HEAD RISE FROM P2 TO P4 
FIGURE 18. IMPELLER PRESSURE DIAGRAM 
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